Rapid Surface Sampling and Archival Record (RSSAR) System Introduction
The purpose of this effort is to develop a rapid surface contamination measurement system that will provide a "quick-look" indication of contaminated areas, an archival record, and an automated analysis of that record. By providing rapid analyses and a large number of accurate measurements of surface and subsurface contamination, the cost of remediation of large industrial sites will be dramatically lowered by reducing both the characterization time and the material fraction that must be remediated.
The Department of Energy (DOE) sites contain very large areas contaminated with radionuclides and semivolatile organic compounds as the result of decades of nuclear weapon and fuel production activities. Concrete, transite, and metal surfaces have been exposed to these contaminants. Unknown but substantial portions of these surfaces have been contaminated to various depths. Because contamination concentrations can vary widely over adjacent exposed surfaces, these surfaces must be sampled at closely spaced intervals to provide accurate identification of contaminants. Consequently, a huge number of surface regions must be characterized, particularly because remediated areas must be sampled more than once for identification and verification.
Objectives
The objective of this effort is to help develop and demonstrate new and existing technologies that will enable the DOE to decontaminate and decommission their facilities in the most costeffective manner possible. The costs and environmental risks associated with disposing of structures and equipment as hazardous waste are unacceptably high owing to the nature of the contaminants and the sheer volume of material in question. The DOE recognizes that a large portion of its contaminated material and equipment must be processed in some manner to a state from which it can be recycled and reused. If recycle or reuse proves impossible, then the material must be cleaned in a manner to allow for its disposal as a nonhazardous substance. Disposal of materials as hazardous waste must be minimized.
Characterization technology is key to accomplishing the DOE's decontamination and decommissioning goals. Building materials and equipment must be adequately characterized before, during, and after decontamination and decommissioning activities. The nature and level of contaminants must be initially established to determine whether cleanup is required. During the cleanup, analysis will be required as an element of cleanup process control. Ultimately, the material will have to be certified as clean before it can be recycled or disposed of.
A number of constraints must be met by any technology facing the challenge of characterizing the DOE's sites. It must be a cost-effective portable system capable of providing rapid results from the enormous amount of surface area to be screened. It must accurately assess the identity and level of contaminants in an analytical format acceptable to regulatory agencies. The technology must be robust, operable by persons with minimal amounts of training, and give screening results in a readily understandable format.
Competitive Analysis
Existing technology for analyzing surface contamination does not meet the above constraints. The most common and accepted current method for sampling surfaces for hazardous materials is the EPA wipe or swipe test, in which a measured surface area is wiped with a gauze cloth or other absorbent material soaked with an organic solvent. The wipe is then sent off to a laboratory, extracted with solvent, and the extracts are analyzed for the presence of the contaminants. The method, though widely used, suffers from serious limitations. It provides extremely variable results, because it relies on the technique and consistency of individual samplers and is inaccurate, with results depending upon the nature of the surface (rough, smooth, rusted, etc.) The wipe method requires expensive offsite laboratory analysis that can result in delays of days to weeks and does not lend itself to efficient data handling. Furthermore, the method analyzes the surface only, not the region below, exposes workers to potentially dangerous and harmful solvents, and generates additional waste including wipes, solvents and sample containers that must be disposed of as hazardous waste.
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On porous surfaces, such as concrete, a freshly cleaned surface may pass a wipe test (contain <10 µg/100 cm 2 contaminant) only to fail it at a later date as material from below the surface migrates upward. In spite of these limitations, wipe sampling is widely used to detect surface contamination.
Approach
This program, which concerns the development of a Rapid Surface Sampling and Archival Record (RSSAR) System, was undertaken to provide a solution to the cost and technical shortcomings of conventional methods for characterizing contaminated surfaces. It is directed to the development of a portable instrument system capable of sampling a variety of surfaces for semivolatile organic contaminants. The system under development provides rapid sampling (one sample per 100 sec.), a "quick-look" indication of contamination level, and a stored record for detailed, automatable analysis.
This system is assembled from instruments incorporating several well-established techniques and instruments incorporating innovative techniques. It comprises thermal sampler heads, a "quick-look" module, and an archival multisample trapping module. The RSSAR system is composed of several modular units, as illustrated in Figure 1 . 
Project Description
Thermal sampling for semivolatile compounds has been chosen for development because this technology can provide substantially more reliable readings of surface contamination than wipe sampling. It also minimizes the production of contaminated sampling waste, lends itself to automated processing, separates chemical samples from radioactive materials, and is fast. In general, samples are acquired using thermal desorption of contaminants at approximately 250°C by radiant heat.
"Concrete," bulk, and "steel" sampler heads are being developed to handle the most frequent sampling requirements. A concrete surface sampler, which has been developed and demonstrated, can be used to determine contamination levels at surfaces and down to a few millimeters below the surface for porous, low thermal-conductivity materials, providing information also targeted by the standard wipe test. A bulk sampler head has been developed and demonstrated that can be used to measure contaminants in asbestos, paint scrapings, particulate waste, and samples from drilling as well as calibration standards. To determine subsurface contamination, samples from drilling would be placed in the bulk sampler head connected to the RSSAR system for "quick look" and archival analyses. A steel sampler head has been designed for the markedly different sampling conditions provided by nonporous surfaces with high-thermal conductivity.
The purposes of the "quick-look" module are to provide a real-time guide of sampling strategy, a real-time practical indication of system performance, a personnel safety indicator, a redundant indicator channel, and a method to reduce the fraction of samples that are subjected to more time-consuming detailed analysis. The viability of "quick-look" has been demonstrated using both a photoionization detector and ultraviolet absorption.
The archival multisample trapping module traps contaminants and stores them for detailed analysis. This stored record, organized in a cassette format (as shown in Figure 1 ), is associated with corresponding sample information, to facilitate record-keeping, to minimize handling and training requirements, to reduce errors caused by operator fatigue in the highly repetitive sample acquisition and analysis tasks, and to expedite automated readout. A single sample trapping module was tested initially and the results were used in the design and fabrication of an archival multisample trapping module. The archival multisample trapping module allows trapping of up to 50 separate samples and transfer to a modified thermal desorption autosampler for subsequent analyses.
The thermal desorption autosampler accepts the organized record format and provides an automated interface to alternative readout instruments such as gas chromatography/mass spectrometry, tandem mass spectrometry, gas chromatography with electron capture detector, or a fast optical readout such as a photo-ionization detector. By manipulating sample and substrate size, quantities of PCBs of interest to the DOE (10 µg on 100 cm 2 surface) should easily be detectable with little additional optimization of techniques that have been developed.
The overall RSSAR System is modular and will use accurate sample acquisition, handling, and analysis techniques. The availability of an archival record that allows detailed analysis (and an occasional backup check on the quick-look detector) will expedite material disposition planning and regulatory approval. Consequently, the RSSAR System should provide a cost-effective approach for the measurement of semivolatile contamination required for large industrial site remediation.
Results

Concrete Sampling
A prototype concrete sampling head was developed based on results from field testing of initial concepts and Monte Carlo simulations of illumination patterns. The concrete sampling head uses a one thousand watt tungsten halogen lamp as the heat source located near the top of a smooth reflective hemispheric housing to provide more efficient coupling and minimize hot spots on the surface. A diffuser plate is located just below the lamp with a protective window at the bottom. Vapors are collected through eight slots in the lower chassis which are connected to a recessed channel in the heating block. Figure 2 shows a cross-sectional view of the concrete sampling head.
Results from thermal testing of the modified concrete sampler using an imaging radiometer are shown in Figure 3 . Uniform temperatures were achieved at over 60 % of the heated surface with another 15 to 20 % of the area at temperatures close to the uniform area. Tests were conducted on prepared concrete specimens previously spiked with known concentrations of anthracene, 2,4,5-trichlorobiphenyl, and phenyldodecane as surrogates for polyaromatic hydrocarbons, polychlorinated biphenyls, and oil, respectively. Results which are shown in Figure 5 indicate that thermal sampling is able to correlate well with bulk contamination levels. The essential elements of the RSSAR process including the semiquantitative performance of a quick-look detector, trapping of desorbed contaminants, efficient transfer to a gas chromatography column, and close quantitative correlation between concentration determinations and original bulk contaminant loadings gave positive results in these experiments.
The concrete sampling head was configured as shown in Figure 4 for performance testing to ascertain the ability of the system to detect contaminants. 
Bulk Sampling Head
A bulk sampling head was developed for analysis of drill cuttings, pulverized concrete, soil, and particulate waste. The sampler was made from a solid aluminum block heated with a 700 watt calrod heater. The sampler was connected to the quick-look module through insulated tubing and swagelock fittings. The bulk sampling head was used extensively for testing of commercial sorbents for their ability to trap the target contaminants. The results from thermal recovery of anthracene, 2,4,5-trichlorobiphenyl, and phenyldodecane are reported in Table 1 . Carbotrap 370 ® was found to have the best performance with recoveries ranging from 77.8% to 100%.
Steel Sampling Head
The metal sampler head has undergone initial testing with an arc lamp. Total lamp power output and output through the delivery line were measured at various lamp inputs. Results to date are shown in Table 2 . These powers were measured with a high power calibrated thermopile detector, which responds essentially uniformly to UV, visible and infrared wavelengths. Coupling efficiencies into the delivery system are lower than expected. Actions to increase coupling efficiency from the present 20% level to near 50% are underway.
A thin (1.2 mm thick) rusty carbon steel sample with a tack welded thermocouple on the back end was illuminated with the steel sampler at room temperature and lamp power set at 600 watts. The approximate surface temp of the sample reached 205 °C in 30 seconds following the time dependence shown in Table 3 . Thinner metal samples heat up more quickly while thicker specimens take longer to reach proper sampling temperatures.
Thermal Modeling
A mathematical model of heat and mass transport in concrete has been applied to the process of rapid thermal desorption of contaminants from concrete. It has been shown that the presence of moisture plays a significant role in the efficiency of contaminant removal. The range of simulated water contents included from 0 to 1000 kilograms per cubic meter, and the range of permeabilities extended from 10 -17 to 10 -15 m 2 . The model indicates that the removal of PCBs is fairly insensitive to moisture content as long as the moisture content is between 50 and about 400 kilograms per cubic meter as shown in Figure 6 . At lower moisture contents, the reduced amount of steam available for stripping the PCB vapors out of the concrete decreases the removal rate. Maximum contaminant removal occurs when the moisture content is about 100 kg per cubic meter. At higher moisture contents, the increased latent heat requirements reduce the heating rate and hence the PCB removal rate. The model also indicates that highly permeable concrete is expected to have higher PCB removal rates, with other conditions being the same as shown in Figure 7 . In a 30 second simulation, concrete with an intrinsic permeability of 10 -15 m 2 had twice the removal of PCBs than concrete with 10 -17 m 2 permeability. While the relation between removal rate and permeability is much weaker than linear, the fact that the local permeabilities within a real concrete specimen can vary by several orders of magnitude make this effect significant. Extension of these results to heterogeneous concrete would suggest PCBs would be removed preferentially from regions containing microcracks rather than uncracked regions. 
Multisample Trapping Module and Thermal Desorption Unit
A fully automated, modular, and versatile concept has been developed for the Multisample Trapping Module (MSTM) portion of the RSSAR system. The concept will allow for RSSAR operations to be conducted with minimal operator input and virtually no operator handling of individual samples. Sorbent tubes will be housed in a transportable magazine that will interface to both the RSSAR system and the Thermal Desorption unit (TDU) system. Samples will be protected prior to, and subsequent to, sampling to minimize contamination and cross-contamination potential.
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During sampling, sensors will monitor all relevant parameters to ensure reliable, accurate samples. Data generated from sensors during sampling and RSSAR quick-look detector results will be stored in nonvolatile electronic memory resident in the sorbent tube magazine. The data will then be available to the TDU and analytical instruments to facilitate timely and accurate analysis. Figure 8 depicts the three major components comprising the field portion of the MSTM and the TDU that will reside in the laboratory.
Interface to the Perkin-Elmer TDU requires a sample transfer device that resides on top of the ATD-400. The RSSAR system will have the capability to perform both quick-look detection and sorbent tube sampling at each location. However, a sorbent tube sample is not required for each location. Sufficient memory exists in the magazine to store data for all 50 archived sorbent tube samples plus 500 quick-look sampling points.
Future Activities
Laboratory performance testing of the steel sampling head, multisample trapping module, thermal desorption autosampler, and the integrated system are underway. Pending acceptable results from this "proof of concept" testing, a field portable system will be designed, fabricated, and tested in the field. Upon completion of testing and receipt of applicable regulatory and government approvals, two prototype systems will be built and delivered to DOE for use in supporting decontamination and decommissioning activities. 
